We present spectroscopy and photometry of the He-rich supernova (SN) 2008ax. The earlytime spectra show prominent P-Cygni H lines, which decrease with time and disappear completely about two months after the explosion. In the same period He I lines become the most prominent spectral features. SN 2008ax displays the ordinary spectral evolution of a type IIb supernova. A stringent pre-discovery limit constrains the time of the shock breakout of SN 2008ax to within only a few hours. Its light curve, which peaks in the B band about 20 days after the explosion, strongly resembles that of other He-rich core-collapse supernovae. The observed evolution of SN 2008ax is consistent with the explosion of a young Wolf-Rayet (of WNL type) star, which had retained a thin, low-mass shell of its original H envelope. The overall characteristics of SN 2008ax are reminiscent of those of SN 1993J, except for a likely smaller H mass. This may account for the findings that the progenitor of SN 2008ax was a WNL star and not a K supergiant as in the case of SN 1993J, that a prominent early-time peak is missing in the light curve of SN 2008ax, and that Hα is observed at higher velocities in SN 2008ax than in SN 1993J.
INTRODUCTION
In recent years, the attention of the astronomical community toward H-poor core-collapse (CC) supernovae (SNe) has significantly increased. This is due to the discovery, during the late 90s, of the connection between H-and He-stripped CC SNe (of type Ic) and long duration gamma-ray bursts (GRBs, see e.g. Galama et al. 1998; Woosley & Bloom 2006) . However, interest in He-rich events (type Ib) has been rather marginal so far, although recently invigorated by the discovery of early X-ray emission from the type Ib SN 2008D (SN 2008D, Soderberg et al. 2008 Malesani et al. 2008) .
⋆ E-mail:a.pastorello@qub.ac.uk Equally poorly studied are the very few SN events in which there is spectroscopic evidence for the presence of H lines in otherwise normal type Ib SN spectra. These rare CC SNe were dubbed as type IIb by Woosley et al. (1987) (see also Filippenko 1997) , and their hybrid spectroscopic appearance was interpreted as the result of the explosion of a He core of an originally massive star, which had retained a residual (though marginal) H envelope (few × 10 −1 M ⊙ ) at the time of explosion.
The explosion of the very nearby SN 1993J offered the unique opportunity to study in detail the evolution of a type IIb event and to detect the progenitor star in pre-explosion images (Aldering et al. 1994; Cohen et al 1995; Van Dyk et al. 2002) , although it would be more correct to state that the binary system producing SN c 0000 RAS 1993J was observed in the pre-SN images, since signatures of the presence of a massive, blue companion star arose from spectrophotometric observations of the SN site obtained about ten years after the SN explosion (Maund et al. 2004 ). These exceptional data constrained the precursor of SN 1993J to be a K supergiant of initial mass around 14M ⊙ , but with a He core of only 3-6M ⊙ at the time of the explosion (see also Nomoto et al. 1993; Podsiaklowski et al. 1993; Woosley et al. 1994) .
Another type IIb event, SN 2001ig, showed periodic modulation in its radio light curve. This may indicate either density enhancements indicative of circumstellar shells produced in the thermal-pulsing phase by a single asymptotic giant branch star or, more likely, a stellar wind modulated by motion in an eccentric binary system 1 (Ryder et al. 2004 ). The binary system scenario is also supported by spectropolarimetric observations of SN 2001ig (Maund et al. 2007 ). Interestingly, a point-like source was detected at the SN position about 1000 days after the explosion, possibly the massive (10-18M ⊙ ) companion of the Wolf-Rayet (WR) star producing SN 2001ig (Ryder et al. 2006) .
Apart from SN 1993J (e.g. Richmond et al. 1994; Lewis et al. 1994; Barbon et al. 1995) , extensive data sets have been published for only a very limited number of He-rich CC SNe, including SNe 1987K (Filippenko et al. 1988) , 1990I (Elmhamdi et al. 2004 ), 1996cb (Qiu et al. 1999) , 1999dn (Deng et al. 2000; Benetti et al. in prep.) , 1999ex (Stritzinger et al. 2002; Hamuy et al. 2002) , 2008D (Soderberg et al. 2008) , plus the peculiar SNe 1991D (Benetti et al. 2002 and 2005bf (Anupama et al. 2005; Tominaga et al. 2005; Folatelli et al. 2006) . SN 2006jc and similar events (the so-called SNe Ibn, see Pastorello et al. 2008a ) are different because the He is mostly confined in the circumstellar environment (Matheson et al. 2000; Pastorello et al. 2007; Foley et al. 2007; Smith et al. 2008; Immler et al. 2008; Mattila et al 2008; Tominaga et al. 2008; Pastorello et al. 2008b) . SN 2008ax is therefore the second He-rich CC SN that has excellent spectro-photometric monitoring, and for which we can derive directly information on the progenitor, through the analysis of deep pre-explosion archive images (Crockett et al. 2008) . In this paper we present spectroscopy and photometry of SN 2008ax, while in the companion paper (Crockett et al. 2008) we study in detail the nature of the SN precursor. Fig. 1 ) was discovered independently by Mostardi et al. (2008, on (Mostardi et al. 2008) . Remarkably, the explosion site was monitored by Arbour (2008) about 6 hours (JD=2454528.7) before the detection of Mostardi et al. (2008) (JD 2454528.95 ) and the images show no sign of the SN. This allows us to constrain the time of the shock breakout to high precision, with an uncertainty of only a few hours. Hereafter in the paper we will adopt JD = 2454528.80 ± 0.15 as the time of the shock breakout, and all phases will be computed with reference to this epoch.
SN 2008AX AND ITS HOST GALAXY

SN 2008ax (see
NGC 4490 and NGC 4485 are a well known pair of late-type, interacting galaxies embedded in an extended and asymmetric H I envelope (Huchtmeier et al. 1980) , which is elongated perpendicularly to the plane of NGC 4490. Clemens et al. (1998) claim that the configuration of the neutral hydrogen envelope might result from a bipolar outflow of H I driven by starburst activity / SN explosions, and not from the interaction between the two companion galaxies. This is in agreement with the particularly high star formation rate estimated in NGC 4490 (Viallefond et al. 1980; Thronson et al. 1989; Clemens et al. 1999) .
The distance modulus (µ) for NGC 4490 is not well constrained. From Tully (1988) and assuming a Hubble constant H 0 = 72 km s −1 Mpc −1 , we would obtain µ = 29.55 magnitudes. However, Roberts et al. (2002) noted that Tully (1988) gave significantly inconsistent distance estimates for the two interacting galaxies, 9.7 Mpc for NGC 4485 and 8.1 Mpc for NGC 4490 (with our choice of H 0 ). This inconsistency in Tully's estimate for the two companion galaxies suggests a need to compute the distance to NGC 4490 also using different approaches. An attempt to estimate the distance of the SN host galaxy was performed by Terry et al. (2002) . It was determined from the technique of sosie galaxies (Paturel et al. 1994 ) making use of a number of different calibrators for which the distances were computed from two independent Cepheid calibrations. This method gives µ = 29.90 ± 1.16 magnitudes (d = 9.5 Mpc). A further possibility is to derive the distance via the recessional velocity of the SN host galaxy. LEDA 2 (Paturel et al. 2003 ) provides a recessional velocity for NGC 4490 corrected for Local Group infall into the Virgo Cluster of v Vir = 797 km s −1 . From this, we obtain a distance d of ∼11.1 Mpc, corresponding to a distance modulus µ = 30.22 magnitudes. If we consider the recessional velocity with respect to the CMB back- ground (v 3k = 817 km s −1 ), we obtain µ= 30.27 magnitudes (d = 11.3 Mpc). A lower distance is estimated from the recessional velocity corrected to the centroid of the Local Group, v lg = 618 km s −1 , which gives µ= 29.67 magnitudes (d = 8.6 Mpc). Averaging these 5 estimates to minimize the uncertainty, we obtain µ= 29.92 ± 0.29 magnitudes (i.e. d = 9.6 Mpc) which will be used throughout this paper.
3
The reddening due to the Galaxy in the direction of NGC 4490 is very small (E(B-V)=0.022 magnitudes, Schlegel et al. 1998) . However, there is evidence of additional reddening inside the host galaxy (see discussion in Sect. 4) and therefore we will adopt the value E(B-V) = 0.3 magnitudes as the best estimate for the total extinction toward SN 2008ax.
The faint absolute magnitude measured at discovery (around -13.4) led Mostardi et al. (2008) to erroneously suggest that the SN was possibly an highly extinguished event or, alternatively, the super-outburst of a luminous blue variable. Instead, it was the first light coming from the explosion of one of the youngest strippedenvelope CC SNe ever discovered.
THE LIGHT CURVE
SN 2008ax is one of the best ever monitored core-collapse SNe, starting with a deep pre-explosion image obtained only 6 hours prior to the SN discovery of Mostardi et al. (2008) . The observational campaign of SN 2008ax started soon after the discovery 3 A consistency check can be done by considering the pair NGC 4485 and NGC 4490 as members of the 14-4 group. An accurate distance of the group was obtained by Tully et al. (2008) through a weighted average of 4 different methods tied to the HST Cepheid Key Project scale (Freedman et al. 2001 ). Rescaling for consistency to H 0 = 72 km s −1 Mpc −1 , a distance modulus µ= 29.91 ± 0.13 was obtained. This distance for the 14-4 group (d ≈ 9.6 Mpc) is fully consistent with our average estimate for NGC 4490. (Folatelli et al. 2006) , the broad-line type Ic SN 2002ap (Gal-Yam et al. 2002 Yuzuru et al. 2002; Foley et al. 2003; Tomita et al. 2006) , the normal type Ib SN 1999ex (Stritzinger et al. 2002) , the type IIb SNe 1993J (Lewis et al. 1994; Barbon et al. 1995 ) and 1996cb (Qiu et al. 1999 , and the peculiar type IIP SN 1987A (Menzies et al. 1988; Catchpole et al. 1987 Catchpole et al. , 1988 . Bottom: B-V colour evolution for SNe 2008ax, 1987A, 1996cb, 1993J, 1999ex. and covered a period of about 70 days. Photometry has been obtained at the 2-m Liverpool Telescope (Steele et al . 2004) in La Palma (Canary Islands, Spain) and the 60-inch Telescope of the Palomar Observatory (Cenko et al. 2006) . In addition, unfiltered data collected by amateur astronomers have been used in our analysis. These data have been scaled to the Johnson-Bessell V-band or the Sloan r'-band photometry, depending on the sensitivity curves of the CCDs used in these observations. We find that the quantum efficiency (QE) curve of the SXV-H9 CCD used by R.A. peaks around 5100Å, so the unfiltered magnitudes of this images are best compared to the V-band magnitudes, while both the DSI Pro II and the KAF-1001E cameras used by W.W. and K.I., respectively, have CCDs with QEs peaking around 6000-6200Å. Therefore, the unfiltered magnitudes obtained with these two imagers are scaled to the Sloan r' magnitudes.
Johnson-Bessell B and V, and Sloan u', g', r', i' and z' pho- 3.5,9.5 ‡ 1.2 Å in the J band, 2.9 Å in the K band stripped core-collapse SNe the peak luminosity in the blue bands is reached a few days earlier than in the red (about 19 days after the shock breakout in the B band and 23 in the i' band, see Tab. 3).
After maximum, the light curves decline rapidly in all bands until day ∼40, when the SN luminosity settles onto the radioactive tail. H-poor core-collapse supernovae display a wide range of behaviour in their light curve evolution. In Fig. 3 (top) we compare the r'-band absolute light curve of SN 2008ax with those (Sloan r' or Johnson-Bessell R) of a number of H-poor SNe (see caption of Fig. 3 for details) . In particular, we note that the light curve of SN 2008ax is remarkably different from that of the peculiar type II SN 1987A (that shares some early-time spectroscopic similarity with SN 2008ax, see Sect. 4). It is instead similar to those of the H-stripped core-collapse events shown in Figure 3 . The overall shape resembles that of the type IIb SNe 1996cb and 1993J. In particular, its peak magnitude (M R ≈ -17.3 magnitudes) is quite similar to that of SN 1993J (the difference is ∆M R ≈ 0.3), but is significantly brighter (by ∼ 1 magnitude) than that of SN 1996cb. A major difference between the two SNe is that SN 2008ax does not show the prominent and narrow early-time peak exhibited by the light curve of SN 1993J. This peak is attributed to the initial shock heating and the subsequent cooling of a low-mass envelope (see e.g. Bartunov et al. 1994; Shigeyama et al. 1994 ). In SN 2008ax only a marginally detectable shoulder during the first day after shock breakout was observed, in analogy to that reported by Stritzinger et al. (2002) in the type Ib SN 1999ex. This possibly due to SN 2008ax having an initial radius that was smaller than that of SN 1993J.
In Fig. 3 (bottom) we also compare the colour evolution of SN 2008ax with those of the type II SN 1987A, the type Ib SN 1999ex and the type IIb SNe 1993J and 1996cb. SN 1987A has a different colour evolution compared to the other three objects, that evolve in a rather similar fashion (apart from the early-time blue excess due to the shock breakout visible in SN 1993J). In particular, during the first 10 days SN 2008ax becomes rapidly bluer, moving from B-V = 0.8 to 0.2 (note that the colour evolution of SN 1993J follows the opposite trend in this phase). During the subsequent period, SN 2008ax (and the other type Ib/IIb events in Fig. 3 ) becomes redder, reaching B-V = 1.1 at phase ∼ 40 days. Then, the colour becomes slowly bluer again with time.
THE METAMORPHOSIS OF SN 2008AX
SN 2008ax showed an amazing spectral evolution, transforming in a few weeks through many different spectral types. Blondin et al. Blondin et al. (2008) also suggested significant host galaxy reddening, E(B-V) = 0.6. The presence of prominent H and He I lines, with blueshifted peaks, was indicative of very rapid spectral evolution, another characteristic in common with SN 1987A. The most important difference was the much broader spectral lines in SN 2008ax, corresponding to ejecta velocities in the range 23000-26000 km s −1 . In SN 1987A they were lower by a factor 2/3. However, subsequent spectra showed increasing Fe II, Ca II and, most significantly, He I features, suggesting that this SN should be re-classified as a type IIb (Chornock et al. 2008) . Also, based on a new measurement of the EW of the Na I interstellar doublet (∼0.18nm), Chornock et al. (2008) used an unspecified method to revise the estimate of the host galaxy contribution to the reddening to E(B-V) = 0.5 magnitudes. Marion et al. (2008) , analysed a near-infrared (NIR) spectrum of SN 2008ax, and noted the presence of prominent He I features at 1.08 and 2.06 microns and a weak Paschen β. These features (Pun et al. 1995) , the type IIb SN 1987K (Filippenko et al. 1988 ) and the normal type Ib SN 1998dt (Matheson et al. 2001) . The spectrum of SN 1987K, which provides the best match to the earliest spectrum of SN 2008ax, has been selected making use of the Superfit SN spectral identification code (Howell et al. 2005) . make this spectrum similar to the early-time NIR spectra of SN Ib 1999ex (Hamuy et al. 2002) . The transition of SN 2008ax toward a type Ib event was also revealed by optical spectra collected by Taubenberger et al. (2008) . However, Taubenberger et al. (2008) pointed out that some H was still visible in their spectra, although less prominent than the stronger He I lines.
We collected a sequence of optical spectra of SN 2008ax using the 40-inch Telescope at the Wise Observatory (Israel) equipped with a Faint Object Spectrographic Camera (FOSC) and the 200-inch Hale Telescope at the Palomar Observatory (California, US) equipped with the Double Spectrograph (DBSP, Oke & Gunn 1982) . The log of spectroscopic observations is in Tab. 4. All these spectra show relatively strong interstellar Na ID, whose equivalent width (EW) is about 1.8Å, in excellent agreement with the value reported by Chornock et al. (2008) . However, adopting the relation between EW and E(B-V) derived by Turatto et al. (2003) , we obtain E(B-V)≈ 0.3, which is significantly smaller than the reddening estimate of Blondin et al. (2008) and Chornock et al. (2008) .
The metamorphosis of SN 2008ax, whose spectrum transitioned through different spectral types (II→IIb→Ib) is shown in Fig. 4 , while a comparison with early spectra of the peculiar type IIplateau SN 1987A, the normal SN Ib 1998dt and the type IIb event 1987K is shown in Fig. 5 (two of these spectra have been downloaded from the SUSPECT 4 database). It is remarkable that the Hα feature, which is strong in the early-time spectra of SN 2008ax, progressively weakens and disappears ∼2 months after core-collapse (Fig. 4) . In this phase, the spectrum of SN 2008ax is that of a (Elmhamdi et al. 2003) and the normal type Ib SN 1999ex (Stritzinger et al. 2002) . The spectra of SNe 2008ax and 1999ex have been reddening corrected, while that of SN 1999em has been artificially reddened to make the comparison clearer. All spectra are in the host galaxy rest frame. The vertical dashed blue lines mark the expected rest position of the main He I lines, while the dot-dashed red lines mark the position of the Paschen δ, Paschen γ and Paschen β H lines.
type Ib SN. SN 1987K experienced an analogous "identity crisis" (Filippenko et al. 1988) , with the early-time spectra being rather similar to those of an H-rich type II SN (e.g. 1987A, see Fig. 5 ) and very different from those of a canonical type Ib. Some months later, however, SN 1987K evolved toward a spectrum dominated by Ca and O forbidden lines and not containing the Hα line in emission, which should be present in a type II SN in the nebular phase. This wide-ranging spectral evolution seems to be quite common in type IIb SNe: to a lesser extent, an analogous transition was seen in the spectra of SNe 1993J (Lewis et al. 1994; Barbon et al. 1995 ), 1996cb (Qiu et al. 1999 ) and 2001ig (Maund et al. 2007) .
The evolution of the line velocities, measured from the position of the P-Cygni minima of He I 5876Å, He I 7065Å, Hα and Fe II 5169Å is shown in Fig. 6 , both for SN 2008ax and SN 1993J (data from Barbon et al. 1995) . It is remarkable that the velocities of the two type IIb SNe are comparable, although the velocity of Hα, after the initial drop, remains much higher in SN 2008ax than in SN 1993J, while that of Fe II 5169Å is lower in SN 2008ax than in SN 1993J. This, and the evidence that Hα is missing in the spectrum obtained two months after the explosion, suggest that the H envelope is probably less massive in In agreement with what we find in the optical spectra, some H is also still visible in the NIR spectrum of SN 2008ax. Paschen β, which was prominent in SN 1999em, is indeed visible (though weak) in SN 2008ax at λ ≈ 12820Å, while it was not definitely detected in the type Ib SN 1999ex. This is consistent with the classification of SN 2008ax as a type IIb event.
DISCUSSION
Although the spectra of SN 2008ax are dominated by He I lines, the presence of H features in the early-time spectra is unequivocal (see Fig. 4 and Fig. 7) , suggesting that this SN should be classified as a type IIb event. We showed in Sect. 3 and Sect. 4 that SN 2008ax shares many similarities with other well studied SNe IIb (e.g. 1993J and 1996cb) . Nevertheless, the light curves of these SNe are also similar to those of totally H-stripped SNe Ib (see Fig. 3 ), indicating that the presence of a residual H skin does not significantly affect the luminosity evolution of SNe IIb. The most significant difference between the light curves of type Ib/IIb SNe lies in their intrinsic luminosity, which is dependent on the amount of 56 Ni ejected in the explosion.
In order to estimate the 56 Ni mass synthesized by SN 2008ax, its quasi-bolometric (uvoir) light curve was computed and compared with that of SN 1993J. The uvoir light curve of SN 1993J was obtained by integrating the flux in the optical and NIR bands (using the data of Lewis et al. 1994; Barbon et al. 1995; Wada & Ueno 1997; Matthews et al. 2002) . The observed optical light curve of (Fig. 8 , open red points) was rescaled, assuming for this object the same fractional NIR contribution to the uvoir light curve as SN 1993J (solid blue line). The uvoir light curve of SN 2008ax is shown in Fig. 8 with filled yellow symbols. Surprisingly, there is an excellent agreement in the uvoir luminosity between the two SNe. This is contrary to what we observed in individual bands (see e.g. Fig. 3 ), where SN 2008ax was slightly more luminous than SN 1993J in the blue bands and fainter in the red bands. The similar uvoir luminosity implies that the two objects have roughly the same mass of ejected 56 Ni. In SN 1993J the 56 Ni mass was around 0.07-0.11 ⊙ (see discussion below), and this is also the 56 Ni mass range expected for SN 2008ax.
There is also a similarity in the overall shape of the light curves of SN 2008ax and SN 1993J, with the exception of the initial strong contribution of the shock breakout to the early time light curve of SN 1993J. This raises the issue of whether the progenitor and the explosion parameters are similar in these two SNe. The width of the light curve during the photospheric phase and the slope of the radioactive tail are known to depend on both the kinetic energy (E k ) and the ejected mass (E e j ) (Arnett 1982) . In particular, the comparable widths of the light curve peaks of SNe 1993J and 2008ax suggest a similar value for the M 3 e j /E k ratio (Arnett 1982) , which, however, does not necessarily imply that M e j and E k are themselves similar.
Additional information on the individual values of M e j and E k could be obtained from the spectroscopy. The square of the photospheric velocity in envelope-stripped CC SNe is indeed proportional to the E k /M e j ratio (Arnett 1982) . Since the velocity of the Fe II 5169Å line is only marginally lower in SN 2008ax than in SN 1993J at the same phase (see Fig. 6 , right-bottom panel), this may be an indication of comparable ejected masses and enerc 0000 RAS, MNRAS 000, 000-000 gies in the two SNe. Most theoretical papers on SN 1993J (e.g. Nomoto et al. 1993; Podsiaklowski et al. 1993; Woosley et al. 1994; Bartunov et al. 1994; Utrobin 1994; Shigeyama et al. 1994; Young et al. 1995) converge toward a standard-energy explosion (E k ≈ 10 51 erg) of a 3-6M ⊙ He core with a residual H skin (few × 10 −1 M ⊙ ). From an inspection of the observed SN properties, we therefore expect similar ejecta and explosion parameters for SN 2008ax.
An attempt to derive the ejecta mass and explosion energy was performed for the type Ib SN 1999ex by Stritzinger et al. (2002) using a comparison with the 6C hydrogenless model of Woosley et al. (1987) for SNe Ib. Values of M e j ∼ 5-6M ⊙ and E k ≈ 3 × 10 51 erg were derived for that SN. Recently, Soderberg et al. (2008) obtained similar values for the type Ib SN 2008D: M e j ∼ 5M ⊙ and E k ≈ 2 × 10 51 erg. However, the light curves of these two SNe are slightly broader than that of 2008ax, whose shape, and hence likely its explosion and ejecta parameters, are probably closer to those of the type IIb SNe 1993J and 1996cb. Aldering et al. (1994) , from an analysis of deep pre-explosion images, found that the progenitor of the type IIb SN 1993J was a K supergiant. The SN precursor was an originally massive (12-17M ⊙ ) member of a binary system, in which the two companions had comparable main sequence masses (Maund et al. 2004 ). In the case of SN 2008ax, the final configuration of the progenitor was likely a WR (WNL) star (either a single, massive WR or a lowermass WR in an interacting binary system, see Crockett et al. 2008) with a residual H shell (< 0.1M ⊙ ). The spectroscopic and photometric evolution of SN 2008ax agrees with this progenitor type.
Unlike SN 1993J, whose companion star was detected (Maund et al. 2004) , the direct observation of the precursor of SN 2008ax in pre-explosion HST images does not (at present) allow us to definitely discriminate between a single star or a binary system. In the single-star scenario, the progenitor had a relatively high-mass (8-9M ⊙ ) C/O core and a final mass (C/O core + He/H envelope) in the range 11-13M ⊙ (Crockett et al. 2008) . The mass of the C/O core was a factor of two times higher than that of the star that generated SN 1993J. This would imply that the progenitor of SN 2008ax was a star with a main sequence mass of about 25-30M ⊙ , significantly higher than the 12-17 M ⊙ estimated for SN 1993J. However, such a high C/O mass estimated for SN 2008ax would be expected to affect the shape of its light curve, making it broader than what is observed. This raises a potential problem in the interpretation of the observed SN evolution.
Alternatively, the progenitor could have been an initially less massive star (10-14M ⊙ ) in a binary system, embedded in a coeval cluster. In this case other objects are expected to contaminate the magnitude and colour estimates of the source at the position of the progenitor in the images analysed by Crockett et al. (2008) . If this is true, multiple sources near the SN position will be eventually recovered in future observations of the explosion site.
CONCLUSIONS
SN 2008ax has a number of observational properties in common with other type IIb SNe. In particular the shape of the optical light curves, the bolometric luminosity and the spectral line velocities resemble those of SN 1993J. This suggests for the two events similar explosion and ejecta parameters. However, the evolution of the spectra of SN 2008ax toward a totally H-deprived (Ib) spectral type is faster than in SN 1993J. In addition, SN 2008ax does not show the prominent early-time optical peak related to the shock breakout, and has slightly bluer colours compared with SN 1993J. This indicates that the two SNe are similar, but not identical.
Two different progenitors could produce SNe like 2008ax: a single, high-mass star that lost mass via strong stellar winds to become a massive WNL or, alternatively, a less-massive star that had its envelope stripped away through interaction with a companion star (Crockett et al. 2008) . The latter scenario agrees better with the SN evolution.
Detailed modelling of the SN data is required to provide a robust estimate of the explosion and ejecta parameters, which is key information to finally unveil the nature of the WR star that exploded as SN 2008ax. We acknowledge the usage of the HyperLeda database (http://leda.univ-lyon1.fr).
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